The goals of this paper are to use statistical analyses of the drifter data in order to (1) improve our understanding of the mean near-surface circulation within the Santa Barbara Channel and the variability about that mean, (2) compare surface Lagrangian observations with near-surface Eulerian observations, (3) gain insight into the mean surface momentum balance within the channel, and (4) estimate Lagrangian time and space scales within the channel.
The remaining structure of the paper is as follows. In section 2, drifter sampling and data processing are described. Eulerian statistics of drifter data are presented in section 3. This includes a detailed comparison to near-surface current meter data. In section 4, the Eulerian averages of drifter data are used to estimate terms in the mean surface momentum balance. Lagrangian 
Eulerian Statistics
We present velocity statistics over 12.5 km by 12.5 km bins. The bin size is a compromise between the desire to maximize resolution and maintain statistical reliability. Use of (1) requires an estimate of E•.
We estimate E•k from the time-lagged Eulerian autocorrelation functions along principal axes. This is calculated from current meter records and scaled by the drifter velocity variances along principal axes. We then assume each other reduce 5Uk less than those widely separated in time (i.e., from different deployments).
The assumption of perfect spatial covariance within a bin is conservative in that the true spatial covariance is imperfect and instrumental errors on drifter velocities are independent. However, the decorrelation times discussed above are dominated by synoptic variability and do not represent seasonal variability.
Means and Principal Axes
Throughout the rest of this paper we use the term mean without modifiers to describe the long-term average of the circulation over several years, whether it is estimated from pseudo-Eulerian averages over all drifter deployments or record averages of moored observations. Other types of averages, such as seasonal averages, averages over individual deployments, or Lagrangian averages over the displacements of a single drifter, are specified as such.
The mean near-surface velocities averaged over 12.5 km by 12.5 km bins are presented in Figure 3 
where crk is the standard deviation in the k direction and Nk is the number of independent observations in that direction. Comparison of the total number of observations per bin with the independent number of observations (in the major principal axis direction) shows the number of independent observations is much lower, about the same as the number of deployments (Figure 3a) . It also shows that though the numbers of observations in the eastern section are higher (due to slower velocities) than in the western section, the numbers of independent observations are similar.
Comparison to Near-Surface Current
Meter Velocities
In Figure 3 , drifter mean velocity magnitudes are typically greater than those of VMCMs. We expect some differences to be a function of the instrument used to measure velocity. However, because the comparison in Figure 3 is between continuous VMCM records The wave-induced velocity shears are roughly the same magnitude and direction as those in Table 1 , and both may share some responsibility for current meter and drifter velocity differences. Moreover, the separation of wind and wave effects is merely an approximation as they are coupled [e.g., Gnanadesikan and Weller, 1995] .
Along the relatively sheltered northern channel, wave effects and wind-induced shear have a sign opposite to observed velocity differences. One other possibility is that drifters preferentially sample surface convergences (fronts) with higher velocities. To try to test this, surface drifter te•nperatures were compared to simultaneous, moored 1-m temperatures. Velocities were sorted by horizontal temperature differences with the reasoning that larger temperature differences might signal the presence of density fronts. However, velocity differences had no clear dependence on horizontal temperature differences. (5) where p is the density, f is the Coriolis parameter, u is the horizontal velocity, P is the pressure, r is the wind stress, pV-/uu) is the eddy stress divergence due to horizontal advection, and pV. (uu) + pOz (wu) is the total eddy stress divergence. Drifter data allow direct estimation of the horizontal eddy stress divergence FH from spatial gradients of velocity products. The total eddy stress divergence F can be estimated from the mean Lagrangian acceleration [Davis, 1985b] with the assumption that vertical scales of u fluctuations are greater than the depth at which drifters follow the flow. The eddy stress divergence terms FH and F (Figure 11) In comparison to the CODE area [Davis, 1985b] , the magnitudes of Reynolds stress divergence are similar. The maximum magnitudes in the SBC may be slightly larger than in the CODE region, which has maxima around 0.03 m s -•. There is also a closer correspondence between FH and F in the Santa Barbara Channel, especially in the western cyclone. This indicates a greater importance of horizontal advection and reduced upwelling in the SBC relative to CODE. In making this comparison, we emphasize that Davis [1985b] looked at a coastal upwelling region during the season of maximum upwelling, while the SBC drifter data are taken over all seasons and several years.
Synoptic Variability
The total Reynolds stress divergence F is much smaller than the mean surface velocity (Figure 12) . In general, the mean velocities are at least a factor of 5 larger, particularly along the northern and southern boundaries of the SBC. The Reynolds stress divergence is strongest in the western SBC. There it is consistently 90 ø to the left of the mean surface velocity. By (5), the mean flow driven by F is 90 ø to its left, so it acts to slow the mean flow, particularly in the western SBC.
Other terms in (5) include the wind stress and pressure gradient. The mean wind stress r is plotted at measurement locations (Figure 12) . The surface velocity due to the mean wind stress depends on the vertical mixing of momentum within the surface boundary layer. 
Lagrangian Statistics

Single Particle Diffusivity
In this section, we estimate the single particle diffusivity n for the eastern and western halves of the Santa Barbara Channel. As Swenson and Nillet [1996] point out, n is nonlocal and depends on the time history of the flow. For an inhomogeneous flow, there are limits on the area over which n can be sensibly calculated. Figure 3 shows that the flow field varies strongly in its means and variabilities within the Santa Barbara Channel. The challenge is to identify an area large enough such that a particle is likely to remain within the area for the duration of the single particle diffusivity calculation, but small enough to be descriptive of some aspect of the flow. We calculate n over two 50 km by 50 km bins covering the eastern and western halves of The single particle diffusivity can, under certain conditions [Davis, 1987 [Davis, , 1991 , be used quantitatively to model diffusion. These conditions include (1) a scale separation in which the average predictable displacement for a particle is smaller than its unpredictable displacement for times greater than the Lagrangian decorrelation timescale and (2) the average unpredictable displacement for a particle is smaller than the spatial scales over which it varies. These conditions are not met on the scales for which we can estimate n in the Santa Barbara Channel. The unpredictable or diffusive part The drifter velocities provide estimates of the horizontal and total eddy stress divergence in the mean surface momentum balance. Within the western cyclonic circulation the horizontal and total eddy stress divergences agree closely. This indicates horizontal rather than vertical eddy stress divergence dominates. This is in contrast to the Coastal Ocean Dynamics Experiment (CODE) region between Point Arena and Point Reyes where horizontal and total eddy stresses appear quite different. The eddy stress divergence is largest in the western Santa Barbara Channel where its direction consistently opposes Coriolis acceleration of the mean flow. However, it is much smaller than this term, leaving the mean pressure gradient and surface Ekman flow responsible for balancing the Coriolis force. This suggests models emphasizing linear dynamics should provide insight into the mean circulation. This does not mean that nonlinear dynamics are unimportant. The fluctuating flow is almost certainly highly nonlinear as indicated by the differing Lagrangian and Eulerian autocorrelation scales (2-4 and 5-7 days, respectively).
Single-particle diffusivities reflect a strong tendency for cyclonic motion in the western Santa Barbara Channel. The along-channel single-particle diffusivity is substantially greater than the cross-channel single-particle diffusivity. The single-particle diffusivity does not represent small-scale eddy diffusion in the western Santa Barbara Channel, where it is dominated by a large scale cyclonic cell. Single-particle diffusivity as a measure of small-scale eddy diffusion is perhaps more applicable to the eastern channel, which does not contain strong' large-scale features.
The drifter deployment pattern and times were chosen to sample the mean circulation and its variability within the Santa Barbara Channel. Estimates of statistical uncertainty and comparisons with moored time series indicate these goals were largely met. One natural question that arises is how successful would a similar drifter program be in other coastal regions? The confines of the Santa Barbara Channel may, in part, lead to success in obtaining relatively unbiased estimates. On a more open coast, upwelling or some other intermittent process may sweep drifters rapidly away from the coast. It is therefore possible that drifter velocities on a more open coast are biased toward conditions in which they tend to remain near the coast (e.g., downwe!ling). This is one question we plan to examine with a similar study underway in the Santa Maria Basin region immediately north of Point Conception.
